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Abstract

The purpose of this paper is to analyze recent publications in scientific journals on the circular
economy and energy through a systematic review using the PRISMA method and to propose
a framework. In recent years, the circular economy has been widely recognized as a viable
solution to address environmental and economic challenges. The transition to renewable
sources, such as solar, wind, and biomass, is essential for a clean and balanced energy market.
The methodology adopted was a systematic review of the scientific literature using the
PRISMA method, which aims to categorize published research, evaluating it in terms of its
objectives, methodologies, results, and conclusions. To this end, full articles published in
scientific journals between 2021 and 2025 on the subject were identified. The analysis of the
selected studies reveals an intrinsic relationship between the circular economy and sustainable
energy, particularly in the context of Sustainable Development Goals (SDGs) 7 and 12. The
results highlight that circular economy practices, such as waste recovery, bioenergy generation,
and gasification, not only demonstrate their ability to create sustainable value chains but also
contribute to reducing environmental impacts, promoting energy efficiency, and present a
proposed framework for analysis and proposition.

Keywords: circular economy; renewable energy; systematic review

1. Introduction
The concept of sustainable development is widely discussed as an essential approach

to balancing economic progress, environmental protection, and social well-being. Accord-
ing to the Brundtland Report, prepared by the World Commission on Environment and
Development in 1987, it is defined as “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs” [1]. This
definition highlights the importance of adopting integrated strategies that promote natural
resource conservation, social inclusion, and responsible economic growth, ensuring that the
benefits are sustainable in the long term. This concept continues to evolve and highlights
the urgency of concrete actions to address environmental and social challenges. According
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to António Guterres [2], Secretary-General of the United Nations, “Climate change is here.
It is frightening. And it is only the beginning.” This statement emphasizes the severity
of the climate crisis and the need to adopt sustainable practices immediately to ensure a
viable future for the next generations.

The Sustainable Development Goals (SDGs), their targets, and global indicators were
launched in 2015 and, according to the UN [3], less than 20% of their targets have been
achieved in various countries around the world. The main obstacles encountered were
the effects of the COVID-19 pandemic and various wars in countries around the world, in
addition to climate change. The results were millions of people in extreme poverty, more
people going hungry worldwide, and more civilian deaths in armed conflicts, in addition
to an increase in global temperatures.

The global challenges [3] are international cooperation to eradicate poverty, end armed
conflicts, and mitigate climate change. An important initiative would be to provide funding
to developing countries to achieve the goals and objectives of sustainable development and
world peace.

Life in society is directly influenced by technological advances, which reshape habits,
transform social interactions, and generate new perspectives on innovation. Industries
that adopt renewable energy (RE) can benefit from reduced energy costs, green marketing
strategies, environmental preservation, and efficiency in the production processes by
reusing waste and thus avoiding losses [4]. Economic activities often affect the environment,
as development models focused solely on growth frequently fail to adequately account for
the finite capacity of natural resources [5].

The circular economy (CE) has been widely recognized in recent years as a viable
solution to address environmental and economic challenges. It offers an approach that
requires a reconfiguration of production and consumption practices, promoting reuse,
recycling, and the extension of product life cycles to reduce environmental impacts. In
this sense, the CE is understood as a production model that aims to minimize waste and
resource extraction, while maximizing the value retained in materials and products [6,7].
The CE can be defined as a model that reduces the need for extracting new raw materials
by keeping them within closed consumption cycles, thus avoiding the traditional linear
flow of extraction, use, and disposal [6,7].

The relevance of this research lies in the effort to understand how CE and RE can
contribute to sustainability, evaluating their positive effects on sustainable development.
Accordingly, this study is guided by the following research question: What are the results
and contributions of recent studies on CEs and energy? Is there a framework for a circular
economy and renewable energy?

The aim of this paper is to analyze recent publications in scientific journals on CE
and energy through a systematic review using the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) method and to propose a framework. The
PRISMA method provides a rigorous and systematic protocol for the selection and review
of the literature [8].

This article is structured as follows: (1) the Introduction Section; (2) circular econ-
omy and energy; (3) methodology based on the application of the PRISMA checklist;
(4) results and discussion of the findings; and (5) final considerations and directions for
future research.

2. Theoretical Framework
2.1. Circular Economy

The linear production model, in place since the Industrial Revolution, exploits re-
sources without replacement, leading to scarcity and exceeding the planet’s capacity to
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absorb waste. Rising production and population growth have intensified solid waste
generation, posing threats to both the environment and human health. This challenge has
spurred policies on recycling, composting, and plastic reduction, as well as educational ini-
tiatives promoting responsible consumption. In this context, sustainable practices and CE
strategies, increasingly defined as systematic approaches that replace the traditional linear
model, are essential to ensure a more balanced future for present and future generations [6].

In response to environmental collapse and in search of alternatives to the traditional
linear model of production and consumption, the concept of the CE emerged, first intro-
duced as a solution for the more efficient and sustainable use of resources [9]. The CE
seeks to replace the linear system of extraction, use, and disposal with a regenerative
and sustainable model [10]. This understanding continues to be reinforced in the recent
literature, which highlights the need to integrate circularity principles into production
and consumption systems [6,11]. The CE emphasizes the 6R practices, namely Reuse in a
coordinate system where all specified sources or flows can be methodically Recycled, Re-
designed, Remanufactured, Reduced, and Recovered [12]. Instead of discarding products
at the end of their life cycle, the CE encourages material recovery and recycling, promoting
a continuous cycle of use [13].

In recent years, the CE has grown rapidly, particularly driven by European Union
initiatives. Since 2015, the European Commission has been implementing policies to finance
reuse and recycling projects, support companies with circular practices, and promote public–
private partnerships [14], with the goals of fostering innovation, reducing environmental
impacts, and promoting sustainable growth.

The intersection between the CE and sustainable development is crucial for building
a more equitable and resilient future. By prioritizing social inclusion, it minimizes waste
and ensures that the benefits of economic growth are more fairly distributed, benefiting
vulnerable communities. New business models with circular practices increase efficiency,
reduce costs, and promote green jobs and training [15]. This holistic approach addresses
pressing challenges such as poverty, inequality, and climate change, ensuring development
within planetary boundaries [1].

The transition to a CE requires sustainability-driven innovation, including redesign-
ing products for greater durability, introducing efficient processes, and adopting circular
business models and paths that strengthen organizational resilience and consolidate an
integrated and environmentally sustainable economy [16].

The pillars proposed guide the CE by integrating ecological, social, and economic di-
mensions into sustainable development [15]. They promote practices that balance resource
use, preserve the environment, and drive innovative solutions that combine profitability
and responsibility. Thus, the CE aligns economic growth with planetary preservation,
regenerating ecosystems and fostering a more conscious and supportive society.

2.2. Renewable Energy

The energy matrix based on fossil fuels faces serious challenges to sustainability and
planetary health, as it significantly increases greenhouse gas emissions and drives climate
change, a scenario that reinforces the urgent need for energy transition [17–19].

Authors highlight that energy produced from natural sources—such as wind, water,
solar, biomass, and tides—has gained increasing importance and visibility over the last
decade, a trend that is expected to intensify in the coming years [20,21]. As RE sources are
cleaner and more environmentally friendly, with less negative impacts on ecosystems, they
have been progressively adopted by various countries and policymakers worldwide.

International organizations such as the International Energy Agency, the United
Nations, the World Bank, and the International Renewable Energy Agency have expressed
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concerns about the harmful effects of modern economies on the environment. Consequently,
these institutions have incorporated RE and the CE into their agendas, also proposing the
definition of indicators to assess the extent to which countries are adopting RE as a driver
of economic development [22].

Solar energy, for example, has become a consolidated business strategy not only
because of its environmental relevance but also for enhancing competitiveness and effi-
ciency [23]. Investments in solar technologies contribute to cost reduction, diversification of
the energy matrix, decentralization of the electricity system, job creation, and socioeconomic
development in disadvantaged regions, while simultaneously reinforcing organizational
resilience and corporate sustainability [6,11,24,25].

Green energy, also known as clean energy, is generated from natural and renewable
sources, such as solar, wind, hydropower, geothermal, and biomass. These sources are
inexhaustible and constantly renewed, playing a crucial role in the energy transition toward
more sustainable and resilient systems [26]. Recent studies indicate that these sources could
account for up to two-thirds of the global primary energy supply by 2050 [27], and by
2024 alone, they already represented around one-third of global electricity generation [28].
Furthermore, wind and solar energy together exceeded 13% of the global electricity matrix
in 2023, highlighting their growing robustness in the energy system [29].

Despite this significant expansion, it is important to note that not all renewable sources
can be classified as green. While all green energy is renewable, the reverse is not always
true, since the label “green” implies consistent environmental benefits and the minimization
of socioecological impacts [30]. Large-scale hydropower plants (above 10 MW), for instance,
despite being renewable and low in greenhouse gas emissions, cause significant changes to
river ecosystems, biodiversity, and local communities and therefore cannot be classified as
green energy [31–33]. Only sources that combine renewability with effective environmental
sustainability, such as solar, wind, geothermal, small hydropower plants, and certain
forms of biomass, should be recognized as green energy [33]. Similarly, it should be
emphasized that the concept of green energy presupposes not only renewability but also
the minimization of negative externalities, reinforcing the need to distinguish between
what is renewable and what is truly sustainable [34].

For institutional investors and portfolio managers, energy has become an attractive
investment, and assets linked to this sector have been incorporated into investment portfo-
lios [35]. The emergence and expansion of portfolios with green energy assets has led to
significant development in financial markets, as this type of energy is considered a sustain-
able alternative to polluting sources. The positive media portrayal of the energy transition
toward a less-polluting world, along with the incentives that clean energy has received
from governments and supranational institutions, also contribute to its performance in
financial markets by attracting environmentally conscious and committed investors [36].

The circular economy offers several important benefits for the environment and global
industry, reducing ecological impacts, promoting innovation, and increasing industrial
efficiency. However, its true potential is only realized when combined with robust pub-
lic policies, profound industrial transformation, and a paradigm shift towards truly re-
generative production systems. Therefore, the circular economy is important, but its
implementation demands analytical rigor, systemic planning, constant innovation, and
long-term investments.

3. Materials and Methods
The methodology adopted in this research is a systematic review (SR), following

the PRISMA 2020 protocol [8] (Supplementary Materials). This protocol ensures that the
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systematic review is replicable, comprehensive, and accurate, providing a solid foundation
for decision-making [8].

The present study aims to analyze recent publications in scientific journals on the
CE and energy through a systematic review using the PRISMA method and to propose
a framework. The existing literature on the CE and energy was reviewed to identify key
practices, challenges, and opportunities. The study seeks to answer the following research
question: What are the results and contributions of recent studies on the CE and energy?

Research on the CE and energy was analyzed with a focus on objectives, methodolo-
gies, results, and conclusions. For this purpose, full articles published in scientific journals
between 2021 and 2025 addressing this topic were identified.

As a search strategy, a systematic search was conducted in academic databases, in-
cluding Scopus and Web of Science, in March 2025, covering both international journals.
Searches were performed in the title, abstract, or keywords of publications from 2021 to
2025, using the following keywords: “Circular Economy” AND “Sustainable Development
Goal” AND “Energy*” “Sustainable Development Goal”. The screening stage in PRISMA
was used to determine whether they generally meet the inclusion criteria.

The screening process was conducted by five researchers, from this stage to the final
selection. Each researcher examined the records independently and in Excel, without the
aid of automation tools. In cases where there were differences of judgment among the
researchers, these were discussed by consensus.

This study used the CASP (Critical Appraisal Skills Programme) method, as it is
suitable for systematic review studies in the areas of education, public health, and social
sciences. The following criteria were considered: “Is the study valid?”; “Are the results and
conclusions important?”; “systematic reviews”; “empirical research”; and “publications in
Scopus and WOS journals”. The authors declare that this paper is in full compliance with
the PRISMA guidelines.

- Inclusion criteria:
Peer-reviewed articles addressing the CE, energy, and sustainability;
Case studies demonstrating the implementation of circular practices related to energy.

- Exclusion criteria:
Articles without empirical data or relevant analyses;
Studies not specifically focused on the CE and energy;
Research from around the world, regardless of the authors’ origin.

The study selection process was carried out in two stages. In the first stage, the titles
and abstracts of the identified articles were screened for relevance. In the second stage, the
full texts of the selected articles were read to confirm compliance with the inclusion and
exclusion criteria.

- Data Extraction

Data were extracted from each selected article and compiled into an Excel table. The
information collected included the following: authors, year of publication, study title,
methodology, main results, and conclusions.

- Data Analysis

The extracted data were analyzed qualitatively, focusing on the identification of
patterns and recurring themes. The results were organized in tables to facilitate the visu-
alization of key practices and barriers. The analysis was based on thematic analysis and
on the challenges associated with the CE and energy. Finally, a critical discussion was
conducted to contextualize the findings within the broader literature on the CE and energy.
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- Ethical Considerations

This study did not involve research with humans or animals; therefore, formal ethical
approval was not required. However, all articles used were properly cited, respecting the
intellectual property rights of the original authors.

The PRISMA method presents a checklist with twenty-seven steps, which are shown
in Supplementary Materials.

Based on the PRISMA checklist, the screened articles were included after re-
viewing their titles, abstracts, and keywords, as illustrated in Figure 1, the PRISMA
research diagram:

Figure 1. PRISMA research diagram. Source: the authors and [8].

A total of 318 documents were initially identified. Of these, 283 duplicate articles and
165 articles on unrelated topics were excluded. Subsequently, screening items identified
153 full papers. A total of 55 scientific publications were selected as meeting the eligibility
criteria, studies deemed most relevant for the research objectives. Below are the results and
discussions with authors, systematizing the research findings (Table 1).

Table 1. Study screening process.

Stage Initial Quantity Exclusions Final Balance

Identification 636 (New + Previous) 165 (Duplicates) 471

Screening 153 (New) 68 85

Eligibility 85 30 (Divergent Focus) 55
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Figure 1 details the study screening process for a review that integrates previously
published research with new evidence. Robust databases such as Scopus (n = 244) and Web
of Science (n = 74) were used. A total of 318 previous studies were included, representing
an important contribution to this review and update study.

The efficiency of the methodological funnel is observed in the significant reduction
in the volume of raw data for the final corpus, as duplicates were eliminated: from an
initial total of 318 records, 165 were removed at the beginning (mostly duplicates), leaving
153 records for title and abstract screening.

Exclusion Criteria: After the initial analysis, 68 records were excluded. In the full-
text reading stage (n = 85), there was a significant loss due to lack of thematic adher-
ence of the research study: 13 studies focused outside of “CE” and 17 focused outside
of “Energy”. Final Sample: The study culminated in the inclusion of 55 studies for
qualitative/quantitative synthesis.

The application of the PRISMA protocol presents important methodological rigor.
Transparency in the justification of exclusions (specifically the reasons “Different focus from
CE” and “energy”) strengthens the internal validity of the research, allowing readers and
researchers to understand exactly why certain boundaries of knowledge were delimited.
The authors assessed their confidence in the body of evidence.

4. Results and Discussions
Figure 2, which shows the authors and locations of the studies conducted, was

constructed following the application of the PRISMA checklist and an analysis of the
selected articles.

Figure 2. Authors and locations of the studies conducted.

Figure 2 shows that there were a total of 54 studies from four continents. Asia stands
out with 24 studies and Europe with 15 studies, followed by North, Central and South
America with 11 and Africa with 4 studies. The country with the most authors was India
with 11 studies, followed by China with 5 and Brazil with 4, among other countries. A
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total of 31 different countries were counted with research related to the research topic. The
analysis reveals several thematic clusters across the reviewed studies:

Green Energy: Five studies directly addressed green energy [37], highlighting advance-
ments in green technologies, their connections to the green economy [38,39], discussions of
green products [40], and circular economy and digital technologies that positively influence
responsible consumption and green energy [39].

Circular Economy: Eight studies examined the CE, focusing on its role [37,41], in-
tegration practices [37,42], implementation of the circular bioeconomy [43], motivating
factors for circular behavior, barriers to adoption, and importance and promotion through
industrial symbiosis [44,45]. Some studies reported progress toward a CE [38], resource
and waste reuse across industries for efficiency [40,46], and links between Industry 4.0 and
a CE [47].

Energy and Sustainability: Ten studies explored the intersection between energy
and sustainability. They analyzed emerging trends and challenges [48], energy distribu-
tion and commercialization [49], conceptual frameworks for enhancing sustainability and
linking climate impacts with required investments [37], positive effects of the ReSOLVE
framework (Regenerate, Share, Optimize, Loop, Virtualize, and Exchange) on sustainable
practices [47,50], co-benefits of regenerative and sustainable strategies [51], and methane
recovery that can generate energy and reduce emissions by 88% [52]. Solar energy with
storage guarantees efficiency and energy independence [53], recovery of high-purity mate-
rials for reuse in solar energy [54], and recycling of photovoltaic solar panels [55], and solar
dryers prevent food loss and use renewable energy for agricultural drying [56].

Industrial Symbiosis: Three studies suggested the implementation of industrial sym-
biosis practices [40] as a viable model, creating impactful symbiotic interconnections both
regionally and internationally, strengthening collaborative networks [44] and forestry
clusters in southern Brazil [45].

Innovative Solutions: Studies presented innovative approaches and analyses, in-
cluding the following: the use of the nexus framework (FWE)2 to address integrated
management of food, waste, water, energy, and ecosystems with an evaluation of goals and
benefits [57]; plastic waste gasification with positive environmental impacts and economic
feasibility [58]; post-biohydrogen fermentation broth treatment with industrial-scale focus
and zero-liquid discharge advancements [42]; challenges in pathogen inactivation in animal
manure via anaerobic digestion [59]; environmental impacts in craft beer production with
mitigation strategies, such as electric mobility and local consumption [60]; GHG emission
reduction with economic impact analysis and bioenergy facility costs [61]; proper e-waste
management with life-cycle assessments [40]; integration of RE in mining with the identifica-
tion of challenges, high initial costs, and lack of technical knowledge [62]; biotechnological
valorization of corncobs as raw material for new bioproducts and nanoproducts [63]; and
challenges in adopting electric vehicles (EVs), such as battery degradation, charging in-
frastructure, and recycling [64]. BESS can reduce oil prices, support circular economies,
and generate economic value [65], and wastewater reuse improves water and energy effi-
ciency [66], innovations in green and blue urban infrastructure for sustainable and efficient
cities [67], hazardous waste treatment for energy conversion [68], and eco-innovations and
sustainability in solid waste management [69].

Biomass: Fourteen studies addressed biomass: one analyzed biomass residues as a
sustainable and carbon-neutral source for industrial bioenergy processes [70], and the other
compared the “As-Is” model (biomass waste treatment) with the “To-Be” model (biomass
residues for energy) [61]. Research focuses on the problem of food waste and food waste
recycling [71], systematic reviews on the use of aquatic plants in biorefinery schemes [72],
suggestions of using sargassum for energy, reviews of bioethanol production [73], advance-
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ments of the biodiesel production system from mixed vegetable oil waste [74], catalytic
aspects of used cooking oils for biodiesel production [58], biolubricants from waste cooking
oil [75], industrial food sludge in sustainable resources [76], recovery of textile waste [77],
and biorefineries from waste that process organic matter for energy generation [69]. Biore-
fineries indicate the use of organic matter to generate bioenergy [78–80], new insights
into the adsorption of HFO-1234ze(E) on optimized sugarcane bagasse carbons for ther-
mal applications [81], and transformations of food waste [71] into hydrochar through
hydrothermal carbonization (HTC) [82].

Carbon Emissions and Policy: Two studies evaluated the impact of the analyzed
factors on carbon emissions, highlighting green technological innovation for emission
reduction while promoting energy efficiency and sustainability [39], as well as strategies for
assessing and reducing carbon emissions in production chains [40]. Two studies outlined
policy guidelines and the need for R&D collaboration to achieve SDG 12 targets [40] and
analyzed the positive environmental impact and economic feasibility of policy recommen-
dations for plastic waste gasification [58]. Four addressed decarbonization as a strategy
within energy policies [83], mining decarbonization [84], RDF production and industrial
decarbonization [85] and assessed the impact of natural resource rents, R&D spending,
green finance, and energy efficiency on carbon emissions in the BRICS economies [86].

Interlinked Sectors and Stakeholders: The three sectors were analyzed in one study
as interlinked strategies to optimize resource use and reduce waste [38]. One study ex-
amined stakeholders with inclusive approaches, integrating multiple perspectives and
proposing new metrics to evaluate environmental, energy, and health impacts across pro-
duction sectors, addressing dimensions such as circularity, climate change, biodiversity,
and health [51]. Another study analyzed adverse conditions, including the impact of the
war in Ukraine on global food and biofuel markets [87]. One study presented emerging
interdisciplinary research trends in climate change and the CE, highlighting knowledge
gaps (social dimension and climate adaptation) and proposing promising topics for future
research, such as the bioeconomy, CE practices, and nature-based solutions [88]. And one
study suggested business models that can integrate the CE and green energy for inclusive
urban development [89].

Studies Related to SDGs: A significant number of studies directly linked their findings
to SDG 7 and SDG 12. Specifically, studies that address SDG 7 and address SDG 12 are
summarized in Table 2 below:

Table 2. Studies related to SDGs.

SDG Authors Total Number of Studies

SDG 7 (Affordable and
Clean Energy)

[37]; [38]; [39]; [40]; [43]; [45]; [46]; [47]; [48];
[49]; [50]; [52]; [53]; [54]; [56]; [57]; [59]; [62];
[63]; [64]; [65]; [66]; [67]; [68]; [69]; [70]; [71];
[72]; [73]; [75]; [76]; [77]; [78]; [79]; [80]; [81];
[82]; [83]; [84]; [85]; [86]; [87]; [89]; [90]

44

SDG 12 (Responsible
Consumption and Production)

[38]; [40]; [42]; [43]; [44]; [45]; [46]; [47]; [49];
[50]; [51]; [52]; [53]; [54]; [55]; [56]; [57]; [58];
[59]; [61]; [65]; [67]; [68]; [69]; [71]; [72]; [73];
[74]; [75]; [76]; [77]; [78]; [79]; [80]; [81]; [82];
[83]; [84]; [85]; [86]; [88]; [90]

42

Source: Research data.

Appendix A presents the authors of the selected studies, along with their main findings,
conclusions, contributions, year of publication, and publishing journal. The analysis reveals
significant thematic diversity, underscoring the multidisciplinary and systemic nature of
approaches focused on sustainability, the bioeconomy, and energy transition. The identified
thematic groups—green energy, circular economy, energy and sustainability, biomass,
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industrial symbiosis, innovative solutions, carbon emissions and policies, interconnected
sectors, and the Sustainable Development Goals (SDGs)—reflect not only technical and
scientific advances but also the maturation of discussions on sustainable practices across
various contexts and scales.

The findings address a notable gap in the literature by exploring the intersection
between Industry 4.0 and sustainable operations, aligned with the ReSOLVE framework
(Regenerate, Share, Optimize, Loop, Virtualize, and Exchange), which guides circular
economy (CE) practices. The study also outlines CE initiatives that directly contribute to
specific SDGs, particularly SDG 7—affordable and clean energy—and SDG 12—responsible
consumption and production [47]. Based on these connections, a conceptual framework
is proposed to support organizations in realigning their management practices toward
achieving sustainability goals.

The prominence of green energy and the circular economy in the reviewed studies in-
dicates that these areas are foundational to building sustainable models. Evidence suggests
that green technologies, sustainable products, and digital tools are driving responsible
consumption and energy efficiency [37–40,90]. The circular economy is examined from
multiple perspectives—from integration practices and industrial symbiosis to adoption
barriers and links with Industry 4.0—highlighting both its transformative potential and the
challenges that still hinder its effective implementation [37,38,40–47].

New business models are shown to be essential for advancing the circular economy, as
they address current ecological concerns and enhance resilience through the development
of cross-sectoral value chains [37]. The analysis focuses particularly on the relationship
between CE and green energy, revealing a rapid convergence between the concepts of
renewable energy and sustainability. This convergence is fostering new business opportu-
nities, including the anticipated full replacement of fossil fuels by renewable sources in the
near future, as well as the integration of green energy into CE principles.

The intersection of energy and sustainability is emerging as a strategic axis, sup-
ported by conceptual frameworks such as ReSOLVE and by emerging technologies like
methane recovery and solar energy storage systems. These solutions contribute directly
to reducing greenhouse gas emissions and promoting energy independence [37,47,50–56].
Collectively, these findings reinforce the importance of regenerative and integrated strate-
gies as promising pathways to address climate change and accelerate the transition to
sustainable development models.

The innovative solutions category comprises fifteen studies that propose disruptive
approaches, including the use of the nexus framework (FWE)2, plastic waste gasification,
corncob valorization, and the adoption of electric vehicles. These proposals reflect a
convergence of technological innovation, economic viability, and positive environmental
impact [40,42,44,45,47–49,51,57–69]. Notably, the circular economy gained momentum
between 2018 and 2020 as a practical alternative to linear economic models, particularly in
the Global North. However, research in the Global South—especially in Africa—remains
nascent, with limited tangible progress. The literature emphasizes the need to overcome the
thematic bias toward energy by strengthening connections with the water and food sectors.
Integrating the CE into a polycentric framework, such as the water–energy–food nexus,
presents a strategic opportunity to broaden adoption among policymakers and accelerate
the transition to sustainable economies [38].

Although the CE is inherently an integrated approach, the analysis revealed a pre-
dominant focus on energy, underscoring the importance of reinforcing links with water
and food systems. This expansion is crucial to encourage broader adoption of the CE
by public policymakers. Nevertheless, the literature review facilitated the development
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of a conceptual framework designed to guide strategic policy formulation toward more
sustainable economic models.

Embedding the CE within a polycentric approach—such as the water–energy–food
nexus—offers an effective strategy to address this thematic imbalance. Such integration
represents a key opportunity to accelerate the sustainability transition by fostering synergies
across critical sectors and amplifying the global impact of circular practices.

Based on 789 peer-reviewed publications retrieved from the Scopus database, research
on climate change and the circular economy (CE) has shown to be steadily expanding
and distinctly interdisciplinary [88]. Europe emerges as a leading contributor to scientific
output in this field, underscoring its central role in global environmental discourse. An
analysis of keyword evolution reveals that the CE has been shaped by a broader array of
research streams compared to climate change.

Among circular approaches, waste management is most frequently linked to climate
change, while mitigation stands out as the climate action most influenced by CE practices.
Food is the most commonly cited greenhouse gas (GHG)-emitting material in the studies
analyzed. Regarding future research directions, five key areas emerge: carbon recovery
technologies, development of sustainable materials, strengthening regional supply chains,
circular agriculture models, and nature-based solutions. Of these, the third—climate
and energy—represents a strategic domain for deepening the integration between energy
transition and circular practices.

Discussions on carbon emissions and public policy underscore the need for coordi-
nation among technological innovation, energy policy, and collaborative research and
development. The studies highlight decarbonization strategies, evaluation of production
chains, and the influence of green finance in emerging economies, reinforcing the CE’s role
as a catalyst for structural transformation toward sustainability [39,40,58,83–86].

In this context, findings from the energy sector play a crucial role in achieving Sus-
tainable Development Goals (SDGs) such as clean and affordable energy (SDG 7), with
emphasis on governance, policy frameworks, and technological innovation [48]. Further-
more, linkage analyses between the SDGs demonstrate that SDG 7 (clean and affordable
energy) and SDG 12 (responsible consumption and production) are closely interconnected,
reinforcing the importance of integrated approaches [40].

Case studies indicate that the nature of forestry activities enhances the formation of
industrial clusters, particularly when Thermal Power Plants (TPPs) utilize forest residues
for energy production, thereby intensifying industrial symbiosis (IS) practices [44]. In
the study region, three clusters were identified involving trade in logs (78.6% and 100%),
processed wood (75% and 66.7%), and wood waste (45.5% and 83.3%). These practices
demonstrate strong alignment with circular economy (CE) principles and contribute directly
to four SDGs, including SDG 7 and SDG 12.

Biohydrogen emerges as a promising concept for transforming waste into energy,
particularly in connection with SDG 7 [42]. Among the available methods, biomass fermen-
tation stands out as an effective approach, utilizing industrial and municipal waste streams
as feedstock for biohydrogen production and advancing CE principles.

Amid the war in Ukraine, the transition from first-generation to more advanced
biofuels presents a strategic opportunity to foster clean and affordable energy (SDG 7) and
circular economy practices in the post-war period [87].

Biomass also stands out as a strategic resource, with fourteen studies addressing
its application in bioenergy, biodiesel, bioproducts, and hydrochar. The diversity of raw
materials—such as cooking oil, corncobs, food sludge, and textile waste—reinforces the po-
tential of biomass in building a circular bioeconomy [50,58,61,70–82]. One study highlights
how biomass waste can be used to produce bioenergy and biofuels, promoting responsi-
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ble consumption and production (SDG 12) and clean and affordable energy (SDG 7) [70].
Additionally, the valorization of waste is identified as a key element in the transition to
a CE. Investment in bioenergy systems is presented as an effective strategy for reducing
greenhouse gas (GHG) emissions, particularly through carbon pricing, aligning directly
with the goals of SDG 7 [61].

A roadmap integrating technology, policy, and infrastructure adaptation is essential
for an inclusive transition to electric mobility, aligned with clean energy (SDG 7) and
responsible consumption (SDG 12) [64].

Treating food waste (FW) as a valuable resource is also aligned with SDG 12, promoting
CE principles through nutrient recovery and the generation of energy resources (ER).
Moreover, energy efficiency and the use of ER sources in waste management support
SDG 7 [57]. Policy actions are recommended to increase investment in ER technologies to
advance SDG 7 and foster CE practices aligned with SDG 12 [39].

The energy sector warrants special attention and has prompted the proposal of new
metrics focused on four key dimensions: circularity, climate change, biodiversity, and health
(including well-being) [51]. To better compare energy sources, adjustments to metrics such
as Return on Energy Investment (REI) and energy intensity are recommended to account
for negative health effects and environmental degradation linked to energy production.
These refinements are consistent with CE principles and the targets of SDGs 7 and 12.

The selected papers were analyzed according to Thematic Axes, Thematic Classifi-
cation, and Convergence or Divergence with the CE and Figure 3: a thematic map of the
distribution of lines by thematic axis, as presented below:

(1) Impacts of climate change, global warming, ozone layer depletion, and sea-level rise:
Climate change; Convergence;

(2) Impacts on CO2 emissions, green innovation, CE, and carbon neutrality: Climate +
innovation; Convergence;

(3) Climate change, CE, mitigation, waste management, and SDG 13: Climate + mitiga-
tion; Convergence;

(4) Circular economy and sustainable energy are pillars for carbon neutrality in BRICS
economies: Energy transition + climate; Convergence;

(5) Carbon circular economy and clean energy are pillars for achieving net-zero emissions:
Climate + CE; Convergence;

(6) Impacts on carbon reduction, equity, and inclusive transition to global electric mobility:
Climate + energy justice; Convergence;

(7) Impacts on greenhouse gas emissions, urban sustainability, CE, and energy indepen-
dence: Urban climate action; Convergence;

(8) Transformative approaches, resource efficiency, CE, and SDG 12: CE + efficiency;
Convergence;

(9) CE as a driver of sustainable growth and clean energy: CE central; Convergence;
(10) ReSOLVE framework leading to CE practices: Digital CE; Convergence;
(11) Circular economy is essential for mitigating climate change: CE + climate; Convergence;
(12) Integration of CE and ESG in decision-making: CE + governance; Convergence;
(13) Forest clusters, industrial symbiosis, and CE practices: Industrial CE; Convergence;
(14) Awareness exists, but environmental education must be strengthened: CE + behavior;

Divergence;
(15) Digital and circular strategies accelerate SDG 12 and support energy transition: Energy

transition; Convergence;
(16) Untapped solar and wind potential may hinder sustainable development: Renewable

energy challenges; Divergence;
(17) EU programs and RE strategies help advance clean energy: Energy policy; Convergence;
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(18) Energy sector, SDG 7, SDG 13, and technological innovations: Energy + innovation;
Convergence;

(19) Stationary storage is key for clean energy: Energy infrastructure; Convergence;
(20) Renewable energy and circular economy are pillars of the European green transition:

Energy transition; Convergence;
(21) Electric mobility, local consumption, and emission reduction: Sustainable transport;

Convergence;
(22) Carbon neutrality with sustainable energy in BRICS: Energy + climate; Convergence;
(23) SDG 12, SDG 13, CE, and sustainable production and consumption: Sustainable

consumption; Convergence;
(24) E-waste, green products, and sustainable management: Green production; Convergence;
(25) Social responsibility: Ethical consumption; Convergence;
(26) Food security, CE, and energy efficiency: Food systems; Convergence;
(27) Post-war food market needs advanced biofuels: Agroenergy; Divergence;
(28) Integration of CE and ESG in decision-making: Sustainable governance; Convergence;
(29) Each country addresses energy sustainability differently (energy law): Energy policies;

Divergence;
(30) Transparency and standardization of ESG metrics: Governance + metrics; Convergence;
(31) Adjusting EROI metrics to include health/environmental impacts: Energy metrics;

Divergence;
(32) Cooperation among industries: Collaborative governance; Convergence;
(33) EU programs supporting clean energy: Supranational policy; Convergence;
(34) Biohydrogen and CE: Bioenergy; Convergence;
(35) BES systems with CE: Bioenergy + CE; Convergence;
(36) Wastewater valorization → CE + sustainable energy: Water–energy nexus; Convergence;
(37) Food waste valorization: Agro-residues; Convergence;
(38) Organic waste valorization: CE + bioenergy; Convergence;
(39) Photovoltaic waste management: Tech waste; Convergence;
(40) Agricultural waste reduction + microbial biotechnology: Agroenergy; Convergence;
(41) Waste-based biodiesel is viable: Biofuels; Convergence;
(42) Sargassum → CE + sustainable energy: Marine biomass; Convergence;
(43) Bioeconomy for Mexico → CE + energy: Bioeconomy; Convergence;
(44) Conversion of organic waste into hydrochar: Advanced bioenergy; Convergence;
(45) Food industry waste valorization: Industrial residues; Convergence;
(46) Mining with CE + sustainable energy: Natural resources; Convergence.

Figure 3. Thematic map: distribution of lines by thematic axis. Source: the authors.
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Six Thematic Axes were identified, as shown in Figure 3: Climate Action (mitigation),
Circular Economy, Sustainable Energy (Energy Transition), Sustainable Consumption
(Sustainable Mobility), Governance and ESG, Bioeconomy, and Tech Waste.

The use of energy resources (ERs) in the mining industry also demonstrates potential
to foster circular practices, reduce operational costs, and mitigate environmental pollution,
contributing to both SDG 7 and SDG 12 [62].

A bibliometric analysis reveals that the research network comprises several isolated
clusters, each representing groups of authors who collaborated on at least one article. The
absence of inter-cluster connections indicates a lack of co-authorship between different
research groups. The largest visible clusters contain eight authors [38,45], suggesting strong
internal collaboration. Groups with five to six authors reflect productive interdisciplinary
cores [44,88], while isolated nodes [70] suggest individual contributions or collaborations
outside the sample scope. Smaller pairs indicate occasional partnerships [42].

Several advances have been identified to support the achievement of SDGs 7 and 12,
particularly in expanding the adoption of renewable energy technologies such as hydrogen
and waste-to-energy conversion [88]. The integration of bioenergy, biogas, and biorefineries
aims to transform waste and CO2 into energy and industrial inputs. The CE is closely
linked to energy transition, promoting resource efficiency and sustainable energy. For SDG
12, waste management is a key strategy associated with a CE and climate change mitigation,
alongside resource efficiency models and industrial symbiosis. Multiple industrial sectors
show potential to reduce billions of tons of CO2 by 2050.

However, several obstacles remain. These include low levels of social and community
integration, limited consumer participation in many countries, and technological gaps in
energy systems and closed-loop carbon reuse processes. Notably, only 10% of the reviewed
publications report concrete results in large-scale emission reductions through the CE, indi-
cating limited implementation [88]. Future research should focus on integrating the social
dimension into the CE, enhancing climate adaptation strategies; strengthening alignment
with the SDGs; and advancing green materials, supply chains, circular agriculture, and
emerging energy technologies.

Denser clusters with more internal connections suggest stable partnerships, likely
institutional or thematic. The lack of links between clusters points to low interdisciplinarity
or possible thematic, regional, or institutional segmentation within the sample.

Ultimately, studies addressing interconnected sectors and the SDGs reinforce the
importance of integrated and inclusive approaches. The direct linkage to SDG 7 (clean and
affordable energy) and SDG 12 (responsible consumption and production) underscores
the alignment of current research with global sustainability agendas, while also revealing
knowledge gaps and opportunities for future investigation [38,51,87–89]. Identifying
potential connectivity gaps and developing strategies to foster more integrated research
networks remains a relevant priority.

This systematic review using the PRISMA method provides qualitative insights into
the circular economy and energy. One of the main motivations for conducting these
analyses was to provide a useful framework to support decision-makers, policymakers,
and investors in reflecting on best practices and actions in the circular economy and energy
and on trends highlighted in the analysis categories discussed in this study. In this context,
a framework (Figure 4) indicates how different dimensions interact.

This framework (Figure 4) presents an integrated model for a sustainable energy
transition that goes beyond decarbonization. It establishes a systemic approach to merge
the principles of the circular economy (CE)—focusing on maintaining value and minimizing
the input of natural resources—with the deployment and management of renewable energy
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(RE). It aims to mitigate the challenges of waste and dependence on raw materials inherent
in the rapid growth of RE infrastructure.

Figure 4. Framework of elements and trends on sustainable circular economy and energy. Source:
research (2025).

This model is guided by the need to adhere to sustainability and natural resource effi-
ciency standards with Normative Guidance and Scope. It is based on the Guiding Standard:
reference to ISO 59000 (circular economy) positions the framework within a technical–
normative rigor, requiring that resource optimization and circularity be measurable goals
and not just environmental ones.

The Analysis Categories: Define the scope of evaluation. The inclusion of Circular
Metrics and Performance and Open Data, Knowledge, and Infrastructure reflects the need
for transparency and material traceability in the context of Industry 4.0. The link with the
Sustainable Development Goals for Renewable Energy ensures alignment with the global
agenda (e.g., SDGs 7, 12, and 13).
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The dimensions and pillars: the Systemic Architecture divides the strategy into action
elements (Pillars) and high-level results (Dimensions). The pillars represent the areas of
intervention and policy, being mutually dependent on the success of the system:

Technical, Governance, and Economic: This is the axis of Disruptive Innovation
and Market Regulation. Life Cycle Engineering requires Design for Disassembly (DfD)
and modularity.

Governance: This implements the principle of extended responsibility through Ex-
tended Producer Responsibility (EPR), internalizing end-of-life environmental costs in the
product price.

Economic: This promotes the transition from linear to circular business models, such
as Product-as-a-Service (PaaS), which monetize performance and longevity, not just the
sale of assets.

Physical and Institutional: This is the axis of Support Infrastructure. It requires the
development of Reverse Logistics and physical infrastructure for Reuse and Recycling.

The Institutional aspect deals with the standardization of components and Circular
Procurement policies that create demand for secondary materials. Well-being, Environmen-
tal, and Social: This is the axis of Value and Equity. It measures the macroeconomic and
social impacts.

Elements or Dimensions—Strategic Results; System Intelligence: This is the result of
applying technologies (such as AI and machine learning) to optimize energy and material
flows, linking the point of consumption (ER) to the point of return (EC).

Decentralized Access and Resilience: This is a more robust system, less vulnerable to
supply shocks and enabled by modularity and the Second-Life component market. Value
Creation and Quality: This maximizes the economic and functional value of assets across
multiple usage cycles, as opposed to rapid value degradation.

Dynamics and Tendencies: This model is represented by a Continuous Improvement
Cycle that underscores its dynamic nature. Trends are the strategic investment areas that
feed back into the system, ensuring that advances in Enhanced Material Recovery (R&D)
directly inform design decisions (Technical Pillar), closing the value loop.

This framework figure proposes an interconnected process between climate goals
(CR) and resource goals (RGs), treating energy infrastructure as a “material bank” to be
utilized, rather than a linear asset to be discarded. The final considerations of the study are
presented below.

5. Conclusions
This systematic review, conducted using the PRISMA (Preferred Reporting Items for

Systematic Reviews and Meta-Analyses) method, aimed to answer the following research
question: What are the findings and contributions of recently published studies on the
circular economy (CE) and renewable energy (RE)? Is there a framework for the circular
economy and renewable energy? The studies analyzed reveal several important contribu-
tions to the understanding of the CE and RE, demonstrating their strong connection with
the Sustainable Development Goals (SDGs), but they do not present a consistent framework
for analysis and proposition.

The results underscore an intrinsic relationship between the CE and sustainable energy,
particularly in the context of SDG 7 (affordable and clean energy) and SDG 12 (responsi-
ble consumption and production). CE practices—such as waste valorization, bioenergy
generation, and gasification—not only foster sustainable value chains but also reduce
environmental impacts and enhance energy efficiency.

The intersection of green energy and the CE is emerging as a critical trend, supported
by innovative solutions including industrial symbiosis, biomass utilization, and plastic
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waste gasification, which anticipate the gradual replacement of fossil fuels with renewable
sources. Additionally, strategies such as electric mobility, biomass fermentation, adapta-
tion of energy metrics, integration of renewable energy in mining, and biotechnological
waste valorization reinforce the role of these practices in environmental sustainability and
alignment with the SDGs, as shown in Figure 5.

Figure 5. Circular economy and sustainable energy circle. Source: the authors.

The studies also emphasize the need to expand the adoption of these practices in the
Global South by addressing structural and political barriers. They highlight the importance
of integrating approaches such as the water–energy–food nexus to maximize benefits. This
integration fosters intersectoral and interregional collaboration, amplifying the impact of
the CE and clean energy initiatives.

Beyond thematic findings, the review identified structural gaps in scientific production,
including low connectivity among research groups and limited interdisciplinarity. These
gaps underscore the need to promote more integrated collaborative networks capable of
accelerating innovation in the CE and RE. The analysis also revealed obstacles to effective
implementation, such as low social participation, technological limitations, and limited
large-scale results in emission reduction. Overcoming these challenges requires inclusive
public policies, targeted investments, and stronger community engagement—especially in
Global South contexts.

The use of the VOSViewer software enhanced the transparency and dissemination of
information extracted from the reviewed articles, strengthening bibliometric analysis and
enabling the visualization of collaborative and thematic patterns.

For academia, this paper highlights the importance of further research on the CE
and RE, particularly in underexplored regions. Future studies should compare areas not
covered in this review to identify implementation challenges and shared strategies for
overcoming them. Disseminating knowledge about the SDGs, the 2030 Agenda, and
sustainable development remains essential to expanding the impact of these practices
across diverse contexts.

In conclusion, the alignment between the CE and sustainable energy plays a vital role
in the global transition toward resilient and responsible systems. In addition to facilitating
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the mitigation of greenhouse gas emissions, these practices pave the way for innovation,
reinforce SDGs 7 and 12, and promote a more inclusive and sustainable future for current
and future generations.
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Appendix A
The following is presented based on the analysis of the articles, considering the study

title, methodologies employed, main results, and conclusions of each study.

Table A1. Articles Analyzed Using the PRISMA Checklist.

Authors Title of the Study Methodologies Main Results Conclusions

Kumar, et al. (2023) [37]
A review of literature on the
integration of green energy
and circular economy

Review and
bibliometric analysis

Proposal of a conceptual
framework to help
organizations realign
management practices.
Exploration of recent
advances in green energy and
the role of the CE, including
climate impacts and the
emerging need for increased
investment to reduce
CO2 emissions.

Impacts of climate change,
global warming, ozone layer
depletion, sea-level rise, the
evolution of
environmentalism, and
conscious consumption.

Naidoo, et al. (2021) [38]

Transitional pathways
towards achieving a circular
economy in the water, energy,
and food sectors

Systematic literature review at
the global level

Assessment of progress and
analysis of integrated
transformative approaches to
achieve a resource-efficient
CE, focusing on the water,
energy, and food sectors
linked to the SDGs and the
green economy.

Transformative approaches,
resource efficiency,
water–energy–food
integration, CE,
environmental impacts,
and SDG 12.

Amin, et al. (2024) [39]

Green technological advances
and resource rents as levers
for carbon reduction in BRICS:
Implications for SDGs 7, 8, 9,
12, and 13

Analysis using the
ARDL model

Explores how green
technological innovation,
natural resource income, and
economic growth impact
carbon emissions in the BRICS
countries. Evidence highlights
the role of investment in
renewable energy, green
innovation, and R&D in
meeting the SDGs.

Impacts on CO2 emissions,
green innovation, CE, and
carbon neutrality targets
aligned with the SDGs.

Raman, et al. (2024) [40]

Sustainable development goal
12 and its synergies with other
SDGs: Identification of key
research contributions and
policy insights

Bibliometric analysis

Mapping the connections
between SDG 12 and other
SDGs (13, 7, 11, 15, etc.),
highlighting topics such as
industrial symbiosis, e-waste,
carbon emissions, life-cycle
assessment, and green
products, as well as policy
guidelines and the need for
R&D collaboration to achieve
SDG 12 targets.

SDG 12, SDG 13, CE,
sustainable production and
consumption, e-waste, carbon
emissions, green products,
sustainable management, and
social responsibility.
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Authors Title of the Study Methodologies Main Results Conclusions

Jakubelskas, et al. (2023) [41]

Circular economy practices as
a tool for sustainable
development in the context of
renewable energy: What are
the opportunities for the EU?

To assess the efficiency of the
CE represented by RE
indicators, a data
envelopment analysis (DEA)
was conducted

This study presents an
analysis of the relationship
between the CE and RE,
highlighting the importance of
efficiency in achieving the
SDGs through a CE.

The untapped potential of
solar and wind energy may
hinder sustainable
development; however, EU
programs and RE strategies
help countries advance
toward clean energy and
ensure the efficient
implementation of SDGs.

Tiwari, et al. (2024) [42]

Closing the loop on
biohydrogen production:
A critical review on the
post-fermentation broth
management techniques

Critical review of biohydrogen
fermentation effluent
management techniques

Assessment of
post-production biohydrogen
fermentation broth treatment
practices, highlighting the
environmental and
technological challenges at an
industrial scale and proposing
advancements to achieve zero
liquid discharge and a
CE model.

Biohydrogen and CE.

Chakraborty, et al. (2023) [43]

Circular bioeconomy
implementation and life-cycle
assessment of
bioelectrochemical systems

Technical review and
life-cycle analysis

BES treat waste and generate
renewable energy, aligning
with the circular bioeconomy.

Circular economy and
sustainable energy are
integrated into BES systems to
promote clean technologies.

Cudečka-Purina, et al.
(2022) [44]

Achievement of sustainable
development goals through
the implementation of circular
economy and developing
regional cooperation

Quantitative and qualitative
research methods (literature
review and
triangulation method)

Assessment of industrial
symbiosis as a circular
business model, highlighting
its benefits for resource
efficiency and regional or
cross-country symbiotic
interconnections. Proposal of
a matrix and methodological
justification for industrial
symbiosis practices.

Integration of CE and ESG in
decision-making, impacts of
climate change, sustainable
development, and cooperation
among industries.

Simioni, et al. (2024) [45]

Industrial symbiosis and
circular economy practices
towards sustainability in
forest-based clusters: Case
Studies in Southern Brazil

Case studies in forest clusters
using the
ReSOLVE framework

Investigation of CE and
industrial symbiosis practices
in forest clusters in southern
Brazil, highlighting the use of
residues as fuel and
contributions to the SDGs (7,
8, 9, and 12).

Forest clusters; industrial
symbiosis; CE practices;
biomass energy generation;
and SDGs 7, 8, 9, and 12.

Lakshmi, et al. (2025) [46]
Circular economy: A catalyst
for economic
growth—An empirical study

Statistical regression and
ANOVA test

Circular economy reduces
waste and
improves productivity.

CE is a driver of sustainable
growth and clean energy,
contributing to the SDGs.

Patyal, et al. (2022) [47]

Mapping the links between
Industry 4.0, circular economy
and sustainability:
a systematic literature review

Systematic literature review
and analysis of 76 studies

Identification of the links
between Industry 4.0 and CE,
highlighting the ReSOLVE
framework and its impact on
sustainable practices, with a
focus on the selected SDGs
(SDG 6, 7, 9, 12, 13).

The study’s findings fill the
gap in the literature at the
intersection of Industry 4.0
and sustainable operations, in
line with the Regenerate,
Share, Optimize, Loop,
Virtualize, and Exchange
(ReSOLVE) framework, which
leads to CE practices.

Carvalho, et al. (2024) [48]

The role of the energy sector in
contributing to sustainability
development goals: A text
mining analysis of literature

Text mining based on
363 articles

Identification of trends and
challenges shaping the
intersection of energy and
sustainability, highlighting the
critical role of the energy
sector in SDGs 7 and 13 and
the importance of
interdisciplinary approaches
and collaborations for
complex
sustainability challenges.

Energy sector, SDG 7, SDG 13,
technological innovations,
governance, energy policies,
and interdisciplinary
sustainability.

Martínez, J.S.R. (2025) [49]

El enfoque de sostenibilidad
en el servicio público
domiciliario de energía
eléctrica: Colombia México

Comparative analysis between
Mexico and Colombia using
SDGs 7, 9, and 12 as criteria

Progress in achieving the
SDGs is analyzed to address
sustainability in energy
distribution and
commercialization.

Each country addresses
energy sustainability
differently, based on energy
and environmental law.

Bherwani, et al. 2022 [50]

Application of the circular
economy framework to reduce
the impacts of climate change:
A case study of India on the
assessment of the nexus
between carbon footprint
and materials

Case study in the national
capital region of India, using
input–output analysis,
Leontief inverse matrix, and
the ReSOLVE framework

Construction and
transportation were identified
as the largest emitters of
carbon and material
consumption; circular
strategies can reduce the
carbon footprint by up to
15.7% and the material
footprint by up to 25%.

The circular economy is
essential for mitigating
climate change and promoting
sustainability in priority
sectors; it recommends
integrated policies and
efficient resource management.
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Table A1. Cont.

Authors Title of the Study Methodologies Main Results Conclusions

Vineis, et al. (2022) [51] The need for new metrics in
the Anthropocene era Conceptual proposal

Proposes new metrics to
assess the environmental and
health impacts of productive
sectors, addressing
dimensions such as circularity,
climate change, biodiversity,
and health, with emphasis on
the energy sector. Highlights
the need to integrate inclusive
approaches to leverage the
co-benefits of regenerative
and sustainable strategies.

Impacts on transparency and
standardization of ESG
metrics, inclusion of health
and regeneration in impact
assessments, and promotion
of CE. To better compare
different energy sources, it is
proposed to adjust metrics
such as Energy Return on
Investment (EROI) or energy
intensity metrics to account
for negative health effects and
environmental degradation
associated with
energy production.

Matus, et al. (2023) [52]

From wastewater to
renewable energy production:
Opportunities and challenges
in medium-sized cities in
Latin America and
the Caribbean

Cost–benefit and
environmental impact analysis

Methane recovery can
generate energy and reduce
emissions by 88%.

Circular economy and
sustainable energy are
integrated in the valorization
of wastewater.

Czajkowski, et al. (2021) [53]
Renewable energy sources as
an element of the European
Green Deal and the SDGs

Case study and
technical analysis

Solar energy with storage
ensures efficiency and
energy independence.

Renewable energy and
circular economy are pillars of
the European green transition.

Tripathi, et al. (2025) [54]

Recovery strategies for
end-of-life solar panels:
sustainable and circular
economy practices

Technical review and proposal
of integrated methods

Recovery of high-purity
materials for reuse in
solar energy.

Circular economy and
sustainable energy
complement each other in the
management of
photovoltaic waste.

Rahman, et al. (2023) [55]

Recycling of photovoltaic
solar panels in Bangladesh
and in South and
Southeast Asia

Critical review on
FV recycling

Future recycling of solar
panels will be essential to
maintain the sustainability of
solar energy.

Circular economy and
sustainable energy
complement each other in
photovoltaic waste
management.

Messina, et al. (2022) [56]

Renewable energy sources as
an element of the European
Green Deal and the SDGs:
Solar-powered dryers in the
processing of agricultural
products for sustainable rural
development

Case study with production
and impact estimates

Solar dryers prevent food
losses and use renewable
energy for agricultural drying.

Circular economy and
sustainable energy are
integrated in the valorization
of food and the use of clean
energy in rural areas.

Chaher, et al. (2024) [57]

The (FWE)2 nexus: Bridging
food, food waste, water,
energy, and ecosystems for
circular systems and
sustainable development

Review and synthesis

Proposes the nexus
framework (FWE)2 to address
integrated management of
food, waste, water, energy,
and ecosystems. Supports
sustainable practices,
collaborative governance, and
alignment with the SDGs.

Impacts on food security, CE,
water quality, energy
efficiency, and greenhouse
gas reduction.

Javed, et al. (2025) [58]

Advancing sustainable energy:
Environmental and economic
assessment of plastic waste
gasification for syngas and
electricity generation Using
life cycle modeling

Life-cycle inventory (LCI)
analysis model

Explores the environmental
and economic feasibility of
plastic waste gasification for
energy generation and syngas
production. Highlights GHG
emission reduction using solar
energy scenarios, financial
viability with positive returns
and recommends policy
incentives for
broader adoption.

Impacts on the CE, GHG
reduction, promotion of clean
energy (SDG 7), sustainable
economy (SDG 12), and
climate action (SDG 13).

Lin, et al. (2022) [59]

Challenges of pathogen
inactivation in animal manure
through anaerobic digestion:
a short review

Review

Analyzes the challenges in
pathogen inactivation in
animal manure through
anaerobic digestion (AD).

Impacts on CE in the
agricultural sector, bioenergy
production, and
environmental hygiene
through efficient
anaerobic digestion.

Diniz, et al. (2024) [60]
Environmental repercussions
of craft beer production in
Northeast Brazil

Life-cycle inventory
(LCI) analysis

Details craft beer production
and quantifies its
environmental impacts,
identifying hotspots such as
distribution using diesel
vehicles and suggests
strategies like electric mobility
and local consumption to
mitigate impacts.

Impacts on electric mobility,
local consumption, emission
reduction, and sustainability
in the craft beer sector.
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Kuo, et al. (2024) [61]

Cost benefit analysis and
carbon footprint of biogas
energy through life
cycle assessment

Model comparison. The As-Is
model (biomass waste
treatment) and the To-Be
model (biomass waste for
energy) are compared.

Compares the “As-Is” model
(biomass waste treatment) and
the “To-Be” model (biomass
waste for energy). Shows that
bioenergy systems are viable
for reducing GHG emissions if
carbon taxes are applied,
although facility costs may
impact profitability.

Impacts on the CE,
greenhouse gas (GHG)
emission policy, and the
feasibility of bioenergy
systems contributing to Net
Zero 2050.

Pouresmaieli, et al. (2023) [62]

Integration of renewable
energy and sustainable
development with strategic
planning in the
mining industry

SWOT analysis (Strengths,
Weaknesses, Opportunities,
and Threats method)

Highlights potential benefits
such as job creation, reduced
operational costs, and positive
impacts on the SDGs, while
noting barriers like high costs
and limited technical
knowledge among
mine owners.

Impacts on the CE, promotion
of RE in the mining sector, and
reduction in
environmental pollution.

Elegbede, et al. (2021) [63]

Microbial valorization of
corncob: Novel route for
biotechnological products for
sustainable bioeconomy

Review

Directly contributes to several
SDGs, including clean energy
(SDG 7), industry innovation
(SDG 9), and climate action
(SDG 13).

Impacts on the reduction in
agricultural waste, promotion
of a CE, and environmental
sustainability through
microbial biotechnology.

Udendhran, et al. (2025) [64]

Transitioning to sustainable
E-vehicle systems—Global
perspectives on the challenges,
policies, and opportunities

Review and analysis

The study addresses
challenges in the adoption of
electric vehicles (EVs), such as
battery degradation, charging
infrastructure, and recycling.

Impacts on carbon reduction,
equity in infrastructure
development, and an
inclusive transition to global
electric mobility.

Lin, B, et al. (2024) [65]

Could coal-fired power plants
with CCS be an effective way
to achieve carbon neutrality
in China?

Quantitative assessment

Revealed that BESS is more
cost-effective when RES
penetration rates are low,
whereas CCS becomes more
advantageous as RES
constitutes a larger portion of
the power supply

Combining BESS and CCS can
ensure grid stability and
maximize RES utilization.
Sensitivity analysis indicated
the need to control power
demand growth to support
this transition effectively.

Dolgen, et al. (2023) [66] Wastewater reuse from the
circular economy perspective

Conceptual review and case
study on water management

Wastewater reuse improves
water and energy efficiency.

Circular economy in water
promotes energy recovery and
sustainability.

Puppim de Oliveira, et al.
(2022) [67]

Innovations in green and blue
urban infrastructure:
addressing local and global
challenges in cities

Theoretical review and
analysis of urban solutions

IGB improves water security,
reduces energy consumption,
and supports biodiversity.

Circular economy and green
infrastructure are essential for
sustainable and efficient cities.

Xiong, et al. (2022) [68]
Overview of hazardous waste
treatment and stabilization/
solidification technology

Technical review of
remediation technologies

Techniques such as
stabilization, co-processing,
and energy recovery promote
circularity and sustainability.

Circular economy and
sustainable energy are
integrated in the advanced
management of
hazardous waste.

Rena, et al. (2022) [69]

Eco-innovations and
sustainability in solid waste
management:
an Indian vanguard

Critical review of
technological and
organizational practices

Waste management generated
2,554 MW/year in renewable
energy and USD 15 billion in
circular business.

Circular economy and
sustainable energy are
integrated in waste
valorization and
environmental innovation.

Vasileiadou, A. (2024) [70]

From organic wastes to
bioenergy, biofuels, and
value-added products for
urban sustainability and
circular economy: A Review

Literature review

The study assesses the
characteristics, challenges,
and solutions for using these
residues, promoting
value-added products and
contributing to the SDGs, such
as clean and sustainable
energy, sustainable cities and
communities, and
economic growth.

Impacts on greenhouse gas
emissions, urban
sustainability, CE, and
energy, independence,

Papamonioudis, et al.
(2022) [71]

Exploring the circular
thinking of Greek citizens on
food waste recycling in a
circular economy

Online survey with a
customized questionnaire;
statistical analysis using IBM
SPSS Statistics 27.0

Most Greek citizens recognize
the problem of food waste and
are willing to recycle without
expecting a return but seek
practical guidance.

Awareness exists, but it is
necessary to strengthen
environmental education and
provide clear guidelines to
promote circular practices and
energy recovery.

Morris, et al. (2023) [72]
Aquatic biomass as a
sustainable feedstock
for biorefineries.

Scientific review of the use of
aquatic plants in
biorefinery schemes

Aquatic plants are viable as
feedstock for biocommodity
production; they require mild
pre-treatments and provide a
good composition for
chemical and
biological processes.

Aquatic biomass-based
biorefineries promote circular
economy and sustainable
energy generation, with a
need for further research for
large-scale management.
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Owusu, et al. (2024) [73]

Sargassum for energy: a
review of bioethanol
production and its significance
in Ghana

Review of the composition,
processes, and potential of
sargassum for
bioethanol production

Sargassum is abundant,
invasive, and promising as a
renewable source; it can
replace edible and
lignocellulosic feedstocks.

The use of sargassum
promotes the circular
economy and sustainable
energy, aligned with Ghana’s
energy policy and SDG 7.

Musharavati, et al. (2023) [74]

Advancement of the biodiesel
production system from
mixed vegetable oil waste: a
life cycle assessment of
environmental and
economic outcome

Life-cycle assessment (LCA)
with environmental and
economic modeling

Biodiesel production is
environmentally superior to
landfilling, and the use of
solar energy reduces impacts,
with an estimated annual
revenue of USD 638,000.

Waste-based biodiesel is
viable, sustainable, and
aligned with the circular
economy and clean energy.

Teh, et al. (2025) [75] Residual cooking
oil-based biolubricants

Critical review of chemical
and physical techniques

Used cooking oil (UCO) can
be converted into
biolubricants with high
energy performance.

Circular economy and
sustainable energy are
integrated in the valorization
of organic waste.

Aryanfar, et al. (2025) [76]

Transforming food industry
sludge into sustainable
resources: Innovations in
waste management and
renewable energy recovery

Technical review and case
studies with empirical data

Anaerobic digestion and
pyrolysis generate renewable
energy and reduce emissions.

Circular economy and
sustainable energy are
integrated in the valorization
of food industry waste.

Papamichael, et al. (2024) [77]

Mobilization of textile waste
for the recovery of
high-value-added products
and energy for the transition
to a circular economy

Critical review and
life-cycle analysis

Recovery of materials and
energy from textile waste
strengthens circularity.

Circular economy and
sustainable energy
complement each other in
transforming the
fashion industry.

Padilla-Rivera, et al.
(2022) [78]

Social circular economy
indicators applied to
waste biorefineries

Social life-cycle assessment
(S-LCA) and
indicator screening

Biorefineries promote
circularity and renewable
energy generation with
positive social impacts.

Circular economy and
sustainable energy are
integrated in waste
valorization and
clean production.

Sadhukhan, et al. (2024) [79]

Strategic navigation of the
world’s leading biorefineries
and Mexico’s
political landscape

Policy analysis, international
case study, and
specialized workshops

Biorefineries integrate
bioenergy and circular
economy with social and
environmental impacts.

Circular economy and
sustainable energy
complement each other in the
proposed bioeconomy
for Mexico

Jacob-Lopes, et al. (2022) [80]
Waste biorefinery manual:
Circular economy of
renewable energies

Technical review and analysis
of conversion technologies

Biorefineries transform waste
into bioenergy and
circular products

Circular economy and
sustainable energy are
integrated in the
waste bioeconomy

Chauhan, et al. (2025) [81]

New insights into the
adsorption of HFO-1234ze(E)
on optimized sugarcane
bagasse carbons for
thermal applications

Optimized activated carbon
synthesis, adsorption testing,
and thermal analysis

Biomass adsorbents offer up
to 48% energy savings.

Circular economy and
sustainable energy are
integrated in waste
valorization and efficient
thermal systems.

Dhull, et al. (2024) [82]
A potential approach for the
SDGs, carbon neutrality, and
circular economy

Technical review of HTC,
life-cycle assessment, and
emission analysis

Food waste hydrochar
contributes to clean energy,
carbon sequestration, and
waste valorization.

Circular economy and
sustainable energy are
integrated in the conversion of
organic waste into hydrochar.

Alnuaim, Sami A. (2023) [83] Energy transition
or energy advancement!

Conceptual and strategic
analysis of energy policies

Energy advancement
proposes integrated use of all
sources with a focus on
decarbonization.

Carbon circular economy and
clean energy are pillars for
achieving net-zero emissions.

Negrete, et al. (2024) [84]

Socio-environmental
implications of decarbonizing
copper and lithium mining
and processing

Systematic literature review
and indicator analysis

Decarbonization actions
identified; circular economy
and clean energy are
key strategies.

Mining can contribute to the
SDGs with circular and
sustainable energy actions.

Shehata, et al. (2022) [85]
The role of waste-derived fuel
in the circular economy and
the SDGs

Technical review and
indicator analysis

CDR reduces CO2, replaces
fossil fuels, and
valorizes waste.

Circular economy and
sustainable energy are
integrated in CDR production
and industrial
decarbonization.

Amin, et al. (2025) [86]

Assessment of the impact of
natural resource rents, R&D
expenditure, green finance,
and energy efficiency on
carbon emissions in
BRICS economies

Cross-sectional ARDL model
and second-generation panel

Green energy and circular
economy reduce emissions;
economic growth and
resource rents increase.

Circular economy and
sustainable energy are pillars
for carbon neutrality in
BRICS economies
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Esfandabadi, et al. (2022) [87]

The imbalance of food and
biofuel markets amid
Ukraine–Russia crisis: A
systems thinking perspective

Literature review

The war in Ukraine impacted
food and biofuel markets due
to Russia’s role as a global
supplier of natural gas and
fertilizers, as well as grain and
oilseed exports from Russia
and Ukraine.

Impacts on the food market,
first-generation biofuels,
transition to a CE, and clean
energy in the post-war period.
Transitioning to
advanced-generation biofuels
is recommended to reduce
food insecurity and support
the SDGs.

Romero-Perdomo, et al.
(2022) [88]

Research trends on climate
change and circular economy
from a knowledge
mapping perspective

Bibliometric analysis based on
789 peer-reviewed
publications extracted
from Scopus

Identification of growing and
interdisciplinary research
trends in climate change and
CE, highlighting knowledge
gaps (social dimension and
climate adaptation) and
proposing promising topics
for future studies, such as
bioeconomy, CE practices, and
nature-based solutions.

Climate change, CE,
mitigation, waste
management, SDG 13,
bioeconomy, sustainability,
and nature-based solutions.
Finally, we identified four
potentially valuable directions
for future studies: (i) CE
practices, (ii) bioeconomy, (iii)
climate and energy, and (iv)
sustainability and natural
resources in carbon
recovery technologies

Usanova, et al. (2024) [89]

Incorporating the SDGs into
the development of
environment-related business
models:
A comprehensive review

Review of business models
and international case studies

Business models can integrate
circular economy and green
energy to
promote sustainability

Circular economy and
sustainable energy are pillars
for innovation and inclusive
urban development.

Balsalobre-Lorente, et al.
(2024) [90]

Circular economy,
empowerment and use of
natural resources: Factual
factors for SDG 12? The key
role of digital technologies

This study considers the top
15 circular economies that are
ruthless in producing and
consuming energy greenly

the long-term outcomes show
a significant contribution to
responsible production by
circular economy while
remaining insignificant
for production

The mediating role of digital
technologies on circular
economy, natural resources,
and empowerment and
supports the positive
association in RP&C and
suggests some implications to
support SDG 12 further.

Source: Research data.
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